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COMBINED LOCATION AREAS FOR GSM/UMTS 
Field of the Invention 

The present invention relates to an improved network architecture for an 
arrangement in which mobile terminals may have at least two functional 
modes of operation in which the functional modes are provided by at least 
two core networks having different functionality. The invention is 
particularly but not exclusively related to the introduction of 3G services 
into a 2G network architecture. 
Background to the Invention 

GSM (Global System for Mobile Communications) radio coverage, which 
may also be referred to as second generation (2G) radio coverage, is quite 
extensive today. During the introduction of UMTS (Universal System for 
Mobile Telecommunications), which may also be referred to as third 
generation (3G) radio coverage, UMTS radio coverage is expected to be 
limited to urban areas. Thus UMTS radio coverage will cover only parts 
of the more extensive GSM radio coverage areas. Even within UMTS 
coverage areas, the UMTS radio coverage cannot be expected to be 
contiguous. For example, given that the frequency used for UMTS is 
higher than that for GSM, the in-building penetration will not be as good 
as GSM. This will result in small pockets (such as inside buildings) 
without UMTS coverage within the overall UMTS coverage area. Thus, 
only GSM radio coverage will be available in these pockets. 

A dual mode GSM and UMTS mobile terminal (a mobile terminal is 
referred to as user equipment (UE) in UMTS) can communicate using 
either one of the two radio access systems. If a dual mode mobile terminal 
communicating via the UMTS radio link goes out of UMTS coverage, to an 
area with only GSM coverage, it can expect to continue the communication 
via the GSM radio link, but with a consequential degradation of service. 
Similarly a dual mode mobile terminal in an area with only GSM radio 
coverage which moves into an area with UMTS coverage can expect to 
switch to the UMTS radio link to improve service. 
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Thus as a dual mode mobile terminal moves around within radio access areas, changes 
in the type of radio access can be expected as the available radio access systems change. 
As the mobile terminal moves between radio access areas routing area updates occur to 
notify the necessary support network of the new position of the mobile in the routing 
area associated with the particular radio access type. Changing between two radio 
access systems involves additional signalling and can also lead to outages during the 
transition between the two systems. The impact of the additional signalling and outages 
depends on the network architecture and the protocols chosen. 

In addition, if a mobile terminal operating in the 3G mode of operation moves out of 3G 
coverage, then there is a consequential degradation in service when communication with 
the 2G core network is established. 



15 It is an object of the present invention to provide an improved network architecture 
suitable for the introduction of UMTS in an existing GSM infrastructure. 
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m The paper by Schieder A Et Al entitled 'Gran - A new concept for wireless access in 

\t UMTS' ISS. World Telecommunications Congress. (International Switching 

5 20 Symposium), CA, Toronto, Pinnacle Group, 21 September 1997 (1997-09-21), pages 

fc-§ 

: " 339-345, discloses a packet switched network architecture having a first location area 
supported by a first radio access network connected to a core network of a first 
functionality and a second location area supported by a second radio access network 
connected to a core network of a second functionality, wherein at least a part of the first 
25 and second location areas overlap thereby defining a common location area, and the 
terminals in the first and second location areas may have either one or both of a first and 
a second mode of operation corresponding to the first and second functionalities 
respectively. 

30 The present invention is characterised over the disclosure of the Scheider paper 

mentioned above in that mobile terminals in the £jst location area having the second 
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mode of operation may be connected by the first radio access network to a core network 
having the second functionality. 
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The mobile terminals in the second location area having the first mode of 
operation may be connected by the second radio access network to a core 
network having the first functionality. 

The first radio access network may be additionally associated with a core 
network having the second functionality, the first radio access network 
switches packet transmissions from terminals in the location area to one 
of either the first or second core networks. 

The core network having the second functionality associated with the first 
radio access network may be the one connected to the second radio access 
network. 

The invention will now be described by way of example with reference to 
the accompanying drawings, in which: 
Brief Description of the Drawings 

Figure 1 illustrates the patchy nature of UMTS radio coverage in a GSM 
coverage area; 

Figure 2 illustrates a network architecture for the proposed introduction 
of 3G services in an existing 2G environment; 

Figure 3 illustrates a modified network architecture for the proposed 

introduction of 3G services in an existing 2G environment; 

Figures 4(a) and 4(b) illustrate location area identifiers for distinguishing 

between core networks servicing common location areas; and 

Figure 5 illustrates a network architecture in which parallel core network 

resources of the same functionality are used to support a single location 

area. 

Description of Preferred Embodiment 

The present invention will be described hereinafter by way of reference to 
the particular non-limiting example of the deployment of a 3 rd Generation 
(3G) mobile system alongside a 2 nd Generation (2G) mobile system. In the 
particular example the 2G system is a GSM/GPRS system, and the 3G 
system is a UMTS system. The invention, however, is not limited to such a 
specific environment. 
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Figure 1 illustrates the coverage expected to be provided by UMTS in a 
GSM radio access area. The shaded areas represent areas with only GSM 
coverage. The non-shaded areas represent areas with both GSM and 
UMTS coverage. Thus the whole of the area 2 is provided with GSM 
coverage. The smaller area 4 within the area 2 is intended to be provided 
with UMTS coverage in addition to GSM coverage. However pockets, 
designated by reference numeral 6, exist within the UMTS coverage area 
4, such that only GSM coverage is provided in the pockets 6. 

The current proposed network architecture for supporting the radio 
coverage as illustrated in Figure 1 is as shown in Figure 2. The GSM radio 
access area and the UMTS radio access area are considered as 
independent systems having distinct location areas, each served by a 
different serving GPRS support node (SGSN) and a different mobile 
switching centre (MSC). The SGSNs provide the support node for the 
respective radio systems to support packet switched communications. 

Referring to Figure 2, the GSM radio access area is defined by a first 
location area 200 designated LAI, and the UMTS radio access area is 
defined by a second location area 202 designated LA2. The second location 
area in fact coincides with the first location area, as shown in Figure 1. 

The first location area LAI is associated with a GSM/GPRS BSS 204, 
providing a radio access network for the GSM/GPRS radio access system. 
The BSS 204 is connected to a 2G core network 214 via an A interface 206 
and a Gb interface 208. The second location area LA2 is associated with a 
UTRAN 210, providing a radio access network for the UMTS radio access 
system. The UTRAN 210 is connected to a 3G core network 212 via an Iu 
interface 216 and an interface 218. 

The 2G core network includes a 2G MSC 220, an integral 2G visitor 
location register (VLR) 222, and a 2G SGSN 224. The 2G MSC is 
connected to the BSS 204 via the A interface 206. The 2G SGSN is 
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connected to the BSS 204 via the Gb interface 208. The MSC 220 is 
connected to its integral 2G VLR via a Map B interface 234. 

The 3G core network includes a 3G MSC 226, an integral 3G VLR 228, 
and a 3G SGSN 230. The 3G MSC 226 is connected to the UTRAN 210 via 
the Iu interface 216. The 3G SGSN 230 is connected to the UTRAN 210 
via the interface 218. The 3G MSC 226 is connected to its integral 3G VLR 
228 via a Map B interface 232. 

Each of the 2G and 3G core networks 214 and 212 will of course contain 
other functional blocks. However, these are not shown in Figure 2 as they 
are not relevant to an implementation of the present invention and will be 
familiar to one skilled in the art. 

As is clear from Figure 1, the location area LA2 is in fact part of the same 
geographical area as the location area LAI — if a mobile terminal is in 
location area LA2 it is also in location area LAI. However, from a network 
architecture viewpoint the location area 2 is treated as a distinct area 
from that of the location area 1. 

As a mobile moves around within the location area LA2, it will move in 
and out of 3G coverage, as indicated by the pockets in Figure 1. In the 
network architecture of Figure 2, whenever a mobile terminal moves in 
and out of 3G coverage in the area LA2 a routing area update must take 
place, and when 3G coverage is lost a dual mode mobile terminal must 
continue in 2G mode, with a consequential degradation in service. 

One disadvantage with this is that the 2G MSC is implemented using 64 
kbit/s technology, whereas the 3G MSC supports much higher bit rates. 
When a mobile terminal having 3G functionality has to switch from the 
3G radio access network to the 2G radio access network then there is a 
consequential degradation in service. It is of course impractical to upgrade 
the 2G core network infrastructure to replace existing MSCs with higher 
specification versions. 
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Therefore it is necessary to provide the new MSC and integral VLR in the 
3G core network to support the 3G functionality of mobile terminals. 

In summary, the network architecture of Figure 2 does not allow the radio 
access network to be used to its full capacity to support mobile terminals 
having 3G functionality. 

A proposed new network architecture to provide an improved utilisation of 
the advanced ability of 3G mobile terminals using the existing 2G 
infrastructure is illustrated in Figure 3. In Figure 3 like reference 
i numerals are used to identify elements corresponding to those shown in 
10 Figure 2. 

In the network architecture of Figure 3, the two distinct location areas of 

|g Figure 2 are 'overlayed' to form a common location area. Referring to 

p 

m Figure 3, the common location area is labelled as LA3 and designated by 

yf. reference numeral 300. The location area LA2 corresponding to the 3G 

C$5 coverage area is also still distinctly defined. The common location area 

5 LA3 is comprised of 2G cells, but the network architecture allows mobile 

fy terminals in those cells having 3G functionality to connect to a core 

f~ network having 3G functionality, as will be discussed further hereinbelow. 

%j 

S[j The location area LA 2 is comprised of 3G cells as in Figure 2, and enables 
20 the mobile terminals in the location area LA2 having 3G functionality to 

connect to the 3G core network 212 via the UTRAN 210 radio access 

network as before. 

The 2G BSS 204 of Figure 2 is modified for the implementation of Figure 
3, and thus the 2G BSS in Figure 3 is designated by reference numeral 

25 302. The 2G BSS 302 is provided with an additional A interface labelled A' 
and designated by reference numeral 306, which connects the 2G BSS 302 
to the 3G MSC in the 3G core network. The 2G BSS 302 is also provided 
with an additional Gb interface labelled Gb' and designated by reference 
numeral 304, which connects the 2G BSS 302 to the 3G SGSN in the 3G 

30 core network. 
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In accordance with the new network architecture of Figure 3, the BSS 302 
directs packet transmissions from mobiles in the combined location area 
LA3 300 to either the 2G core network or the 3G core network. Similarly, 
in the other direction the BSS 302 directs packet transmissions from the 
2G or 3G core network to mobile terminals in the combined location area 
LA3. 

In accordance with the implementation of the network architecture shown 
in Figure 3, the radio access network comprising the BSS 302 switches 
packet transmissions from the combined location area to one of either the 
2G core network or the 3G core network. 

The radio access network comprising the BSS 302 may switch the packet 
transmissions from mobile terminals to a respective one of the two core 
networks in dependence on a number of factors. For example the packet 
transmissions may be switched in dependence on the type of mobile 
terminal from which the packet originated, the capabilities of the mobile 
from which the packet originated, or the 2G cell in which the mobile 
terminal is connected in the location area LA3. 

Although the radio access network having the switching capability is the 
preferred implementation of the improved network architecture for 
implementing the combined location area, other implementations may be 
possible. For example, the standard BSS 204 of Figure 2 may be utilised, 
with the 2G core network being modified to include 3G functionality, and 
some control mechanisms to select between the 2G and 3G functionality 
being added within the 2G core network. This implementation is less 
preferable than the implementation shown in Figure 3 since it requires 
modifications to the 2G core network. 

The technical feature which enables the 'overlaying of the location areas 
LAI and LA2 to be implemented is the provision of a single radio access 
network (the BSS 302) which connects the user terminals in the two 
location areas to both the 2G and 3G functionality in the core network. 
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In addition, the network architecture of Figure 3 may be extended to 
network architectures in which the location areas only partially overlap. 
That is, in the 2G/3G scenario described hereinabove the 3G location area 
fits completely into the 2G location area, and the 2G location area is 
bigger than the 3G location area. That is, the 3G location area fully 
coincides with the 2G location area. However, the principle of overlaying' 
location areas may extend to location areas which do not exhibit this 
characteristic. 

In addition, the principle of 'overlaying' location areas may extend to more 
than two location areas, and may extend to more than two core networks. 
For example, in the future the radio access network provided by the BSS 
302 may have the added capability of switching to a 4 th Generation (4G) 
core network. 

In addition, the provision of this network architecture is not limited to the 
use of a BSS as the radio access network. The technique readily applies to 
other radio access networks such as the UTRAN 210. The UTRAN 210 
may be provided with a switching functionality in addition to the BSS 302, 
for example to a 4G core network in addition to the 3G core network. The 
UTRAN may even provide a switching functionality to switch between the 
3G core network 212 and the 2G core network 214. 

Although in the network architecture of Figure 3 the BSS 302 switches 
between the 2G core network 214 and the 3G core network 212 provided 
for location area LA2. a separate 3G core network may be provided for this 
purpose. 

The principle of using the radio access network to switch packet 
transmissions from the location area LA3 to one of two different core 
networks may also be more generally applicable. In the introduction of 3G S 
mobile terminals are likely to have dual functionality, i.e. the ability to 
operate as a 2G terminal instead of a 3G terminal when 3G radio service 
is not available. By the use of a switchable radio access network, mobile 
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terminals having a 3G functionalit}' which are in 2G location areas may be 
switched to a 3G core network. Thus the mobile termianls having 3G 
functionality may utilise some 3G functionality even though they are 
connected in a 2G location area. 

Thus the principle of a radio access network which can switch packet 
transmissions to core networks of differing functionality does not depend 
on the overlaying of multiple location areas, and applies more generally in 
single location areas to mobile terminals having more than one mode of 
operation. 

Referring again to Figure 3, it can be seen that the location area LA3 300 
encompassing the location areas LAI and LA2 can be considered as a 
single geographical area by the overlaying of the two location areas. Thus, 
a single location area identifier may be used to identify the common 
location area LA3. However, if a common location area identifier were 
used then the mobile terminals in the common location area 300 would not 
be able to distinguish between the one of the core networks in which 
communication is established. 

In accordance with a further modification, the location area identifier for 
the common location are 300 is provided with a core network identifier 
field to distinguish between the 2G and 3G core networks. 

Referring to Figures 4(a) and 4(b), there is illustrated an implementation 
of the location area identifiers transmitted by the 2G and 3G core 
networks respectively. Preferably the location area identifier is a 16 bit 
sequence. In accordance with this improvement, the core network 
identifier field to distinguish between the 2G and 3G core network is the 
first bit of the 16 bit location area identifier. The first bit of the sequence 
is set to either 0 or 1 to indicate 2G or 3G. That is, the core network in 
which the location area identifier originates sets this bit. The remaining 
15 bits of the location identifier, containing the location area identifier 
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(LAI) value will be identical. Thus the core network identifier filed of the 
location area identifier is a pointer to a core network. 

Referring to Figure 4(a), the location area identifier 402 generated by the 
2G core network has a first bit 404 which is set to 0, and the location area 
identity LAI 406. Referring to Figure 4(b), the location area identifier 403 
generated by the 3G core network comprises a first bit which is set to 1, 
and the location area identifier value LAI 410. 

Mobile terminals in the location LA3 may have 2G or 3G functionality. 
The mobile terminals having 3G functionality can disregard the bit 0 in 
the first bit position. As these mobiles preferably have dual mode 
functionality, then all broadcast messages from the radio access network 
having the appropriate location area identifier are received by these 
terminals as they receive all broadcast messages whether from the 2G or 
3G core network. The mobiles having only 2G functionality read the first 
bit of the location area identifier and only read the broadcast messages 
having the bit set to indicate that they originated in the 2G core network. 

Of course, if any 3G terminals in the common location area do not have 2G 
functionality then they will need to read the first bit of the location area 
identifier to ensure that the bit is set to indicate that the broadcast 
message originated in the 3G core network. 

Although in this preferable example the location area identifier is a 16 bit 
sequence and the core network identifier field is 1 bit, this may vary 
according to the implementation. The location area identifier may be any 
number of bits, and the core network identifier field any number of bits. In 
an alternative, the core network identifier may be determined by the 
location area identifier value being within a certain range. 

Of course, in the event that more than two core networks are accessible 
from the location area, an appropriate range of values must be provided by 
the core network identifier. 
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The use of the core network identifier is also advantageous in the 
arrangement described hereinabove where a single location area is 
accessible by several core networks of different functionality. 

A further useful implementation of the radio access network having a 
switching functionality, as described hereinabove with reference to the 
preferable implementation of Figure 3, is described hereinbelow with 
reference to Figure 5. In Figure 5 like reference numerals are used to 
identify elements corresponding to elements shown in Figure 2. 

Referring to Figure 5, the 2G network architecture of Figure 2 is modified 
to introduce a second 2G core network 514. The radio access network 
represented by BSS 302 in Figure 2 is replaced in the network 
architecture of Figure 5 by a radio access network comprising a BSS 500 
having a switching functionality similar to that of the BSS 302 as will be 
described further hereinafter. 

The second 2G core network 514 includes a 2G MSC 520, an integral 2G 
VLR 522, and a 2G SGSN 524. The 2G MSC 520 is connected to the BSS 
500 via a second A interface 506 labelled A\ The 2G SGSN 524 is 
connected to the BSS 500 via a second Gb interface 508 labelled Gb\ The 
MSC 520 is connected to its integral 2G VLR 522 via a Map B interface 
534. 

In this implementation, the switching capability of the BSS 500 is utilised 
to spread the load amongst the two 2G core networks 214 and 514. This 
may be particularly advantageous where the BSS 500 has a greater 
Erlang capacity than the single core network. By duplicating the core 
network the BSS 500 can work nearer its capacity. 

The technique described above for including a core network identifier field 
in the location area identifier for distinguishing between 2G and 3G 
functionality in the network architecture of Figure 3 may be used in the 
network architecture of Figure 5 to distinguish between the respective 2G 
core networks. Thus a mobile terminal in the location area LAI can use 
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the first bit of the location area identifier to distinguish between the two 
core networks 214 and 514, and read the broadcast messages associated 
with the core network with which it is registered. 

More generically, when a mobile terminal registers its presence in the 
location area LAI by a random access request to the core network via the 
BSS 500, the BSS 500 will forward the request to one of the two core 
networks 214 and 514. 

In acknowledging the random access request the appropriate core network 
will provide the mobile terminal with an identifier to be used in all future 
packet transmissions. This identifier is then included in all packet 
transmissions by the mobile terminal, and used by the BSS 500 to direct 
the packet transmission to the appropriate core network. 

The network architecture of Figure 5 may be combined with the network 
architecture of Figure 3, such that each of the 2G and 3G core networks 
may be provided with parallel duplicate networks for spreading the load. 



